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Avian virusesRotavirus groups A to E are mainly deﬁned by antibody reactivity to the capsid protein VP6. Additionally, two
putative rotavirus groups (F and G) have been identiﬁed in birds. Here, the ﬁrst nucleotide sequences of the
VP6-encoding genome segment of group F (strain 03V0568) and group G (strain 03V0567) rotaviruses, both
derived from chickens, are presented. The group F rotavirus is most closely related to avian group A and D
rotaviruses, with 49.9–52.3% nucleotide and 36.5–39.0% amino acid sequence identity. The group G rotavirus
is most closely related to mammalian group B rotaviruses, with 55.3–57.5% nucleotide and 48.2–49–9% amino
acid sequence identity. The terminal sequences of the genome segment were similar in groups A, D and F, and
in groups B and G. The ﬁndings indicate a long-term evolution of rotavirus groups in two separated clades and
support the development of a sequence-based classiﬁcation system for rotavirus groups.).
l rights reserved.© 2011 Elsevier Inc. All rights reserved.Introduction
Rotaviruses are aetiological agents of acute gastroenteritis and
diarrhea in infants (Fischer et al., 2007; Kapikian et al., 2001; Parashar
et al., 2003, 2006). In addition, many animal species have been shown
to be infected by rotaviruses causing gastroenteritis in young animals
(Saif et al., 1994; McNulty and Reynolds, 2008; Martella et al., 2010).
Rotaviruses are classiﬁed into the genus Rotavirus within the family
Reoviridae and form non-enveloped virus particles with a diameter of
70–100 nm. The genome consists of 11 double-stranded RNA
segments encoding six viral structural proteins (VP) and ﬁve or six
non-structural proteins (Estes and Kapikian, 2007; Ramig et al., 2005).
Rotavirus particles consist of three protein layers surrounding the
core. The core consists of the viral RNA, VP1 and VP3, and the inner
layer is formed by VP2. The intermediate layer consists of VP6, which
is the most conserved protein among the structural proteins of
rotaviruses. The outer layer of the virus particle is formed by VP4 and
VP7 proteins, which possess neutralization antigens (Estes and
Kapikian, 2007).
Grouping of rotaviruses is mainly based on antibody reactivity to
VP6. Until now, rotavirus groups A to E have been deﬁned using VP6-speciﬁc antisera. Two tentative rotavirus groups (F and G) have been
suggested to exist based on their distinct electrophoretic migration
pattern of the genome segments and on limited cross-immunoﬂuo-
rescence studies (McNulty et al., 1984; McNulty and Reynolds, 2008;
Ramig et al., 2005). In addition, novel rotaviruses (strains J19, B216
and ADRV-N) recently detected in adults in China seem to represent
an additional rotavirus group, but they have not been ﬁnally classiﬁed
(Jiang et al., 2008; Nagashima et al., 2008). Group A to C rotaviruses
have been detected in humans and several animal species (Estes and
Kapikian, 2007; Schumann et al., 2009). Group D, F and G rotaviruses
have been exclusively found in birds (McNulty et al., 1980, 1984; Otto
et al., 2006; Saif et al., 1994; Trojnar et al., 2010) and group E
rotaviruses have been described only once in pigs (Pedley et al., 1986).
The electrophoretic migration pattern of the genome segments
analyzed by polyacrylamide gel electrophoresis (PAGE) has frequent-
ly been used as a quick tool for grouping of rotaviruses (Theil et al.,
1986; Bridger, 1994; Estes and Kapikian, 2007;McNulty and Reynolds,
2008). Overall, each rotavirus group shows a characteristic pattern in
this analysis; however, genome rearrangements may occur, which
complicate interpretation for a distinct strain (Desselberger, 1996).
Sequence analysis of the genome has been developed as another
powerful tool for characterization of rotaviruses and many genome
sequences have been recently determined for group A, B and C
rotaviruses. The different rotavirus groups are strongly supported by
the phylogenetic relationship of their genome sequences. However,
Fig. 1. Identiﬁcation of avian rotaviruses in intestinal samples by negative staining electron microscopy. (A) group A rotavirus 02V0002G3, (B) group F rotavirus 03V0568 and (D)
group G rotavirus 03V0567. The bar corresponds to 100 nm.
Fig. 2. Analysis of the banding patterns of avian rotavirus dsRNA genomes after
polyacrylamide gel electrophoresis followed by silver staining. RNA segments are
numbered according to their mobility. (A) group A rotavirus 02V0002G3, (B) group D
rotavirus 05V0049, (C) group F rotavirus 03V0568 and (D) group G rotavirus 03V0567.
385R. Johne et al. / Virology 412 (2011) 384–391only one genome sequence is available for a group D rotavirus
(Trojnar et al., 2010) and no nucleotide sequences are published so far
for group E, F and G rotaviruses. The conserved sequences at the
termini of the genome segments have also been used as a criterion
for grouping of rotaviruses. Indeed group A, B and C rotaviruses
have distinct group-speciﬁc terminal sequences (Ramig et al., 2005),
but group D and group A termini are identical to each other (Trojnar
et al., 2010).
A detailed description of group F and G rotaviruses was ﬁrst done
by McNulty et al. (1984). The viruses originated from gut contents of
chickens from Northern Ireland and showed electropherotypes
distinct from all known rotavirus groups. For the group F and the
group G rotaviruses, electropherotypes of 4–1–2–2–2 and 4–2–2–3
were described, respectively. By immunoﬂuorescence using speciﬁc
antisera, the group F and G rotaviruses could also be distinguished
from each other and from avian group A and D rotaviruses. However,
the viruses could not be adapted to serial growth in tissue culture thus
hindering further characterization. In 1986, rotaviruses with identical
electropherotypes of groups F and G were detected in faeces of
turkeys (Kang et al., 1986; Theil et al., 1986). Although both groups
have been repeatedlymentioned in reviews and books (Bridger, 1994;
Saif and Jiang, 1994; Saif et al., 1994; McNulty and Reynolds, 2008;
Mertens et al., 2000), scientiﬁc knowledge about these rotavirus
groups is limited. Recently, group F and G rotaviruses have been
detected in broiler chicks from ﬂocks with runting and stunting
syndrome (Otto et al., 2006).
The aim of the presented study was the determination of
nucleotide sequences of group F and G rotaviruses in order to assess
their phylogenetic relationships with the known rotavirus groups. As
the antigenicity of VP6 is the major criterion for grouping of
rotaviruses, the genome segment encoding this protein was chosen
for analysis. The sequences may be used as a starting point for a more
general sequence-based grouping system of rotaviruses. In addition,
they may serve as a template for the development of speciﬁc
diagnostic tests to assess the clinical signiﬁcance of group F and G
rotavirus infection and the distribution of these viruses in birds.
Results
Identiﬁcation of group F and G rotaviruses
Intestinal contents of two chickens (03V0567 and 03V0568) were
subjected to negative staining electron microscopy. Virus particles
with the typical shape of rotaviruses and a diameter of approximately
78 nm (range between 75 and 81 nm) were detected in both samples,which were indistinguishable from a group A chicken rotavirus used
as a comparative control (Fig. 1). However, PAGE analysis of their
dsRNA genome segments revealed marked differences (Fig. 2), which
were characteristic for different rotavirus groups (Saif et al., 1994). For
rotavirus strain 02V0002G3, which was used as one control, segments
7, 8 and 9 migrated as triplet as also found in mammalian group A
rotaviruses, and segment 5migrated very close to segment 4 (Fig. 2A).
This pattern of the RNA segments, described as 5–1–3–2, is typical for
avian group A rotaviruses (McNulty and Reynolds, 2008). The genome
proﬁle of rotavirus strain 05V0049, which was used as another
control, could be described as 5–2–2–2 (Fig. 2B), which is typical for
avian group D rotaviruses (Bridger, 1994). The RNA proﬁle of sample
03V0567 was 4–2–2–3 (Fig. 2D) and that of sample 03V0568 was 4–
1–2–2–2 (Fig. 2C); these RNAmigration patterns have been described
Table 2
Comparison of terminal sequences of the VP6-encoding segments of selected strains of
the different rotavirus groups. The consensus shows the nucleotide found at a speciﬁc
position in the majority of the sequences, identical positions are bold-faced and
diverging positions are presented by a dot.
Rotavirus
group
Strain 5′-terminus 3′-terminus
A 02V0002G3 GGCUUUAAAACGAAG UGAGAGGAUGUGACC
D 05V0049 GGUUUUAAAUAGUAA CUAUUAUCUUUGACC
F 03V0568 GGCUUAUAAAAGUCA AGGAACUUUAUGACC
Consensus A/D/F GGCUUUAAAAAGUAA .GA.A.U.U.UGACC
C Bristol GGCUUUUAAAAGCAC GCUUACAGUGUGGCU
B Bang373 GGUUUAAAUAGCCCA UAAGCAAUAAAACCC
J19 GGCAAUUUCUUGCUA AAAUAAAAUAUACCC
G 03V0567 GGAAAGAAAUCUCCA AUAAAAUAAAGACCC
Consensus B/J19/G GG.AA.AA.U..CCA AAA.AAAAAA.ACCC
386 R. Johne et al. / Virology 412 (2011) 384–391for group G and group F rotaviruses, respectively (Mertens et al.,
2000).
Nucleotide sequence determination for the VP6-encoding segment
The dsRNA genome segments of both rotaviruses with a length of
1.2–1.5 kbpwere isolated and subjected to ampliﬁcation of full-length
cDNA (FLAC). Although faint bands with a size of 1.2–1.5 kbp (in
addition to several faster migrating bands) were detected in both
cases after FLAC (data not shown), only fragments with a length of
0.7–0.8 kbp could be cloned. The determined sequences of the clones
derived from the group F rotavirus 03V0568 showed limited
nucleotide sequence identities to the 5′-region of the VP6-encoding
segment of group A rotaviruses by BLASTn search of the GenBank
database. The sequences cloned from the group G rotavirus 03V0567
revealed limited sequence identities to the 3′-region of the VP6-
encoding segment of group B rotavirus sequences using the same
approach. Based on these sequences, speciﬁc primers were con-
structed and used for PCR ampliﬁcation of the remaining parts of the
VP6-encoding genome segments. After assembly of the sequences, the
total length of the group F rotavirus 03V0568 genome segment was
determined to be 1314 bp containing an ORF encoding a VP6 with a
length of 396 amino acids. The group G rotavirus 03V0567 genome
segment has a length of 1,267 bp and encodes a VP6 with a length of
391 amino acids.
Analysis of the nucleotide sequences
The determined sequences of the entire VP6-encoding genome
segments of the group F and G rotaviruses were compared to that of
human and animal rotaviruses including 13 group A rotaviruses
(representing the prototypes of genotypes I1-I13), 3 group B
rotaviruses, 8 group C rotaviruses, 1 group D rotavirus and the
unclassiﬁed rotavirus strains J19, B219 and ADRV-N. As evident from
Table 1, the group F rotavirus 03V0568 had the highest percentages of
sequence identity to group A, C and D rotaviruses ranging from 46.9%
to 52.3% on nucleotide level and from 36.5% to 39.0% on amino acid
level. In contrast, the group G rotavirus 03V0567 showed the closest
relationship to group B rotaviruses, with 55.3–57.5% nucleotide
sequence identity and 48.2–49.0% amino acid sequence identity.
The sequences at the termini of the genome segment, which are
known to be highly conserved within the rotavirus groups, were
separately compared. As evident from Table 2, the 5′-terminal
sequences are largely conserved between all rotavirus groups
consisting of two G residues followed by a stretch of A/U residues.
Only nucleotide position 3 shows a higher degree of variability
between the groups. A different picture is found for the 3′-terminalTable 1
Comparison of nucleotide sequence identities between the VP6-encoding genome segment
% nucleotide sequence identity (a
Group A Group B Group C
Group A 66.3–85.7 31.8–35.9 49.4–56.0
(70.1–98.2) (10.0–12.9) (39.6–43.4)
Group B 66.0–73.4 32.7–34.9
(70.0–84.4) (11.1–14.8)
Group C 81.5–97.9
(86.9–100.0)
Group D
J19/B219
Group F
Group G
a Only sequences of one strain available in the group.sequences, where three different consensus sequences can be
distinguished: rotaviruses of groups A, D and F have the sequence
GACC, group C rotaviruses have the sequence GGCU, and rotaviruses
of groups B and G as well as strain J19 have the sequence ACCC at the
3′-terminus.
Phylogenetic analysis
In phylogenetic trees based on the nucleotide or amino acid
sequences, two major clades of rotaviruses can be distinguished
(Fig. 3A and B). One clade contains rotaviruses of groups A, C, D and F,
and the other clade contains rotaviruses of groups B and G as well as
the unclassiﬁed strains J19, B219 and ADRV-N. Clusteringwithin these
clades is somewhat different if nucleotide sequences or amino acid
sequences are compared; however, all of the viruses cluster within
their respective group and the isolates of group F and G form distinct
branches within the clade.
Alignment of deduced VP6 amino acid sequences
A more detailed analysis of the amino acid sequences of VP6
identiﬁed a number of conserved amino acid positions within the
group consisting of group A, C, D and F rotaviruses and within the
group consisting of group B and G rotaviruses as well as strain J19, but
only very few positions conserved in all rotaviruses analyzed (Fig. 4A).
Most of the conserved amino acid positions are located at the termini
of secondary structure elements indicating a structural function for
them. In order to assess the three-dimensional location of amino acid
residues conserved between group A, C, D and F, an image based ons of rotavirus groups.
mino acid sequence identity)
Group D J19/B219 Group F Group G
47.8–51.0 32.3–34.2 46.9–50.9 34.1–36.3
(36.6–38.6) (12.5–13.8) (36.5–39.0) (12.1–13.7)
31.4–32.4 49.5–51.2 33.1–34.6 55.3–57.5
(10.5–12.9) (37.2–38.2) (10.0–10.8) (48.2–49.0)
45.8–47.7 32.5–34.4 47.5–48.7 34.4–36.0
(34.4–35.7) (11.5–13.0) (32.8–34.1) (13.7–14.5)
100.0a 33.9–34.7 52.3 33.9
(100.0)* (14.8–15.0) (37.1) (14.2)
94.0 33.0–33.2 52.2–52.5
(98.7) (11.4) (41.6–42.1)
100.0a 34.1
(100.0)a (12.1)
100.0a
(100.0)a
group A
(A) nucleotides RVA-I5-Po-YM-X69487
RVA-I12-Hu-KTM368
99.3
RVA-I1-Hu-Wa-K02086
RVA-I6-Eq-L338-D82974
94.8
RVA-I7-Mu-EW-U36474
RVA-I2-Hu-DS-1-DQ870507
RVA-I10-Bo-Lp14-L11595
98.8
RVA-I3-Hu-Au-1-DQ490538
RVA I8 Hu CMH222 ABC41660
90.7
group C
- - - -86.9
RVA-I9-Si-TUCH-AY594670
RVA-I13-Hu-Ecu534-EU805774
RVA-I4-Av-PO-13-D16329
RVA-I11-Av-02V0002G3-DQ096805
100.0
98.9
RVC-Hu-V460-AY786570
RVC-Hu-Bristol-NC_007570
RVC-Hu-GUP188-AB499614
RVC-Hu-Moduganari-AF325806
100.0
RVC-Po-CA-2-GQ925781100.0
99.8
84.4
group D
group F
group B
group G
RVC-Po-Cowden-M94157
RVC-Po-06-144-2-FJ494691
RVC-Bo-Yamagata-AB108680
RVD-Ch-05V0049-GU733448
RVF-Ch-03V0568-HQ403603
RVB-Hu-Bang373-AY238389
RVB-Rat-IDIR-M84456
RVB-Bo-DB176-GQ358713
99.9
RVG-Ch-03V0567-HQ403604100.0
0
93.5
102030405060708090
Hu-J19-DQ113902
Hu-ADRV-N-AY632080
100.0
Hu-B219-DQ168033
100.0
groupA
(B) amino acids RVA-I10-Bo-Lp14-L11595
RVA-I2-Hu-DS-1-DQ870507
93.4
RVA-I7-Mu-EW-U36474
RVA-I9-Si-TUCH-AY594670
RVA-I8-Hu-CMH222-ABC41660
RVA-I3-Hu-Au-1-DQ490538
RVA-I12-Hu-KTM36882.8
91.2
A
group F
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RVA-I11-Av-02V0002G3-DQ096805
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p
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50100150200
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92.6
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97.2
100.0
Fig. 3. Phylogenetic relationship of group A, B, C, D, F and G rotaviruses based on the entire nucleotide sequences of the VP6-encoding genome segment (A) or the deduced amino acid
sequence of VP6 (B). The branches are labelled with the rotavirus group and genotype (if applicable), the speciﬁc host abbreviation, strain abbreviation, and GenBank accession
number. Clustering into the rotavirus groups is indicated at the right and the group F rotavirus 03V00568 as well as the group G rotavirus 03V00567 aremarked in boldface. The trees
are scaled in nucleotide or amino acid substitution units and were constructed using MEGALIGN software (CLUSTAL W method; IUB DNA weight matrix or Gonnet 250 protein
weight matrix; 1000 trials and 111 random seeds in bootstrap analysis; bootstrap values of N80% are indicated at the knots of the branches).
387R. Johne et al. / Virology 412 (2011) 384–391the structure of VP6 in infectious group A rotavirus particles
(Settembre et al., 2011) was constructed. As evident from Fig. 4B,
the conserved residues are predominantly located at structure-
deﬁning positions, e.g. at the top of domain H (green) or at the
bottom of domain B (blue), or at the surface of the molecule
presumably enabling conserved contacts to other surrounding
structural proteins. The histidine residue at position 153 of VP6
involved in zinc binding in group A rotaviruses (Mathieu et al., 2001,
shaded yellow in Fig. 4A and B ) is only conserved in the group D
rotavirus and replaced in all other groups by polar amino acids. Thecorresponding position is replaced with arginine in the group F
rotavirus 03V0568 and with glutamic acid in the group G rotavirus
03V0567. The sequences of the group-speciﬁc antigenic regions of the
group F and G rotaviruses corresponding to that identiﬁed in group A
rotaviruses (Buragohain et al., 2008) are not identical in the other
groups. In detail, out of 133 amino acid residues located in 5 group-
speciﬁc antigenic regions, only 43, 42 and 46 positions are identical,
when the group F rotavirus 03V0568 is compared to group A rotavirus
02V0002G3, group C rotavirus Bristol and group D rotavirus 05V0049,
respectively. A similar comparison of the corresponding regions of
Fig. 4. Comparison of VP6 amino acid sequences. Identical residue positions, in groups A, C, D and F (orange) or in all groups (red), are indicated. The position corresponding to the
zinc-binding histidine residue in group A rotaviruses is shaded yellow. (A) Alignment of VP6 amino acid sequences of rotavirus groups A, B, C, D, F, G and the non-grouped strain J19.
The respective group, host (Ch—chicken, Hu—human) and the strain designation is shown right. The newly determined sequences of group F and G are marked in bold face. The
groups A, C, D, F and groups B, G, which form different clades by phylogenetic analysis, are separated from each other by a line. Amino acid sequence positions, which are identical in
groups B, G and strain J19 are coloured light orange. Secondary structural elements as determined for the VP6 of group A rotaviruses (alpha-helices and beta-sheets according to
Settembre et al., 2011) are indicated above the sequences and coloured blue for the domain B and green for the domain H. The group-speciﬁc antigenic regions identiﬁed in group A
rotaviruses (according to Buragohain et al., 2008) are boxed. (B) Structural model of the group A rotavirus VP6 and surrounding proteins (Settembre et al., 2011) showing the
location of amino acid sequences conserved between groups A, C, D and F in VP6 (ribbon diagram). Domain B is blue and domain H is green except for antigenic regions (gray) and
identical residues, which are labelled as in (A). A black sphere denotes the zinc atom coordinated by histidine residues of VP6 in group A (yellow arrowhead). The other structural
proteins VP4 (magenta), VP6 (light blue), VP7 (yellow), and VP2 (dark green) are indicated by wire diagrams.
388 R. Johne et al. / Virology 412 (2011) 384–391the group G rotavirus 03V0567 to that of group B rotavirus Bang373
and strain J19 reveals 56 and 53 identical amino acid positions,
respectively.
Discussion
Rotavirus groups are deﬁned mainly by antibody reactivity to
the major capsid protein VP6. Accordingly, rotavirus groups A to E
have been identiﬁed using group-speciﬁc antisera (Kapikian et al.,
2001). However, the limited availability of such antisera led to the
application of alternative techniques for preliminary grouping of
atypical rotaviruses. Especially for avian rotaviruses, the distinctpattern of the rotavirus genome after PAGE analysis has been
repeatedly used for grouping of isolates (Theil et al., 1986; Bridger,
1994; Otto et al., 2006; McNulty and Reynolds, 2008; Schumann et al.,
2009). Application of this technique has also led to the identiﬁcation
of the putative rotavirus groups F and G (McNulty et al., 1984).
However, classiﬁcation of a rotavirus strain only on the basis of its
RNAmigration proﬁle is problematic due to the possible occurrence of
genome rearrangements (Desselberger, 1996). In recent studies,
sequence-based classiﬁcation systems have been favoured for
genotyping within group A (Matthijnssens et al., 2008a, 2008b). As
methods for sequence analysis are nowadays broadly available and
the number of rotavirus sequences in the public databases has
389R. Johne et al. / Virology 412 (2011) 384–391increased remarkably, sequence-based assignment of strains to
rotavirus groups should be evaluated. However, only a few sequence
data are available for avian rotaviruses (Ito et al., 2001; Pantin-
Jackwood et al., 2007; Schumann et al., 2009; Trojnar et al., 2009,
2010). The determination of the group F and G rotavirus sequences
presented heremay therefore serve as a basis for grouping of rotavirus
ﬁeld isolates from birds in future.
Sequence analysis of the group F and G rotaviruses indicate only
low sequence identities to the other known rotavirus groups. The
group F rotavirus shows the highest percentage of sequence identity
to the group D rotavirus, which is 52.3%. The group G rotavirus has a
maximum sequence identity of 57.5 % to a group B rotavirus. These
percentages are in the range of those obtained in our comparative
analysis of rotavirus strains from different known rotavirus groups,
with a maximum sequence identity of 56.0 % when strains of group A
and group C are compared to each other. Therefore, the determined
sequence identities indicate that both analysed viruses are in separate
groups and not in groups A to D. This grouping is also supported by
deduced amino acid sequence analysis data of the putative group-
speciﬁc antigenic sites of VP6, which indicates a high degree of
antigenic diversity. However, according to the actual deﬁnition of
rotavirus groups, serological analysis using group-speciﬁc antisera
may be necessary to conﬁrm the classiﬁcation of these viruses as
group F and G rotaviruses. In addition, sequence analysis of group E
rotaviruses, which were not available in our study, would help to
deﬁne a ﬁnal classiﬁcation of these rotaviruses.
The determined sequence identities raise the possibility of a
grouping system for rotaviruses based on the nucleotide sequence of
the VP6-encoding genome segment. The limited analysis of strains
presented here shows that nucleotide sequence identities of strains
within a rotavirus group range from 66.0% to 100%. In contrast, the
nucleotide sequence identities between strains of different groups
range from 31.4% to 57.5%. Based on this analysis, a cut-off value of
b60% nucleotide sequence identity of the VP6-encoding genome
segment might be used for deﬁnition of a new rotavirus group. By
applying this criterion to the non-classiﬁed rotavirus strains J19, B219
and ADRV-N, they would be placed into an additional new rotavirus
group. However, sequence analysis of more strains, especially from
the groups D, F and G, as well as a more comprehensive sequence
comparison of the known strains are necessary in order to develop a
rotavirus classiﬁcation system based on genomic sequences. An
approach similar to that applied to genotyping of group A rotaviruses
using a frequency-identity analysis of the sequences (Matthijnssens et
al., 2008a, 2008b) may also be used for deﬁnition of cut-offs for
rotavirus groups. In addition, although the traditional grouping
system is mainly based on the VP6 gene, other genome segments
should be analyzed in order to get a more complete picture of
relationships between the rotavirus groups. A grouping based only on
one genome segment may be misleading as previously shown for a
group D rotavirus containing an NSP1-encoding genome segment
closely related to avian group A rotavirus strains, whereas all of the
other genome segments of the strain were clearly distinct and had to
be grouped into group D (Trojnar et al., 2010). Further analyses of
additional genome segments of groups F and G will be necessary for a
ﬁnal grouping of these viruses and for the establishment of a
sustainable classiﬁcation system for rotavirus groups.
The phylogenetic analysis of the sequences shows a clustering of
groups A, C, D and F, separated from groups B, G and strains J19/B219/
ADRV-N, which may indicate a separate evolution of these groups in
two different clades. This ﬁnding is also supported by the identiﬁca-
tion of the partially conserved terminal sequences of the genome
segment 6 in groups A, D and F, and a different corresponding
sequence in groups B, G and J19/B219/ADRV-N. Only the group C
rotaviruses show another conserved terminal sequence, despite the
sequence homologies to groups A, D and F in the coding region. The
terminal sequences of the genome segments are speciﬁcally bound bythe rotavirus proteins VP1 and NSP3 (McDonald et al., 2009; Deo et al.,
2002). As these proteins exhibit group-speciﬁc binding preferences
for the 3′-terminal genome segment sequences, they are involved in
the restriction of genome reassortment events to a rotavirus group. As
recently discussed for group A and D rotaviruses (Trojnar et al., 2010),
the identical terminal sequences may contribute to the theoretical
ability to create reassortants between the rotaviruses of groups A, D
and F or between groups B and G.
Little is known about the pathogenicity of group F and G
rotaviruses in birds. The samples analysed here originated from
chickens with runting and stunting syndrome showing diarrhea and
growth depression. However, the etiological role of the group F and G
rotaviruses in this disease has not been proven as other pathogens
might be present, which are responsible for the disease. The
determined sequences of the group F and G rotaviruses could be a
basis for the development of speciﬁc diagnostic methods. Using these
methods, the distribution of group F and G rotaviruses in birds and the
assessment of their impact on poultry health should be determined in
further studies.
Materials and methods
Samples and virus strains
Two stunted chicks were selected from a broiler ﬂock in Northern
Germany with a history of runting and stunting syndrome (Otto et al.,
2006). The clinical signs in the affected ﬂocks were characterized by
diarrhea and growth depression. Selected chicks were 6 days old.
From the intestinal contents (sample numbers 03V0567 and
03V0568) a 1:5 suspension was prepared with phosphate-buffered
saline (pH 7.4), homogenised in an ultrasonic water bath at level 4
(UST 20, K.-W. Meinhardt Ultraschalltechnik, Leipzig, Germany) and
thereafter clariﬁed at 2200g for 20 min. The supernatants were stored
at −20 °C until analysis. Avian group A rotavirus strain 02V0002G3
(Trojnar et al., 2009) was propagated in MA-104 cells as described
(Elschner et al., 2005). Avian group D rotavirus strain 05V0049
(Trojnar et al., 2010) was derived from an experimental infection
study of chickens (P. Otto, personal communication).
Electron microscopy
Supernatants of the faecal extracts were applied to polioform-
carbon-coated, 400-mesh copper grids (Plano GmbH, Wetzlar,
Germany) for 10 min, ﬁxed with 2,5% aqueous glutaraldehyde
solution for 1 min and stained with 2% aqueous uranyl acetate
solution for 1 min. The specimens were examined by transmission
electron microscopy using a JEM-1010 (JEOL, Tokyo, Japan) at 80 kV
accelerated voltage.
RNA-PAGE
RNA extraction from the virus-containing cell culture or the
suspension of intestinal contents was performed using QIAamp Viral
RNA Mini Kit (Qiagen, Hilden, Germany). Polyacrylamide gel electro-
phoresis (PAGE) of the RNA preparations followed by silver staining
was done as described previously (Otto et al., 1999). Gels were dried
in a GelAirDryer (Bio-Rad Laboratories, Munich, Germany).
Ampliﬁcation of full length cDNA (FLAC)
Initial ampliﬁcation of the genome segment 6 was done by FLAC, a
sequence-independent method for the ampliﬁcation of full-length
cDNA from double-stranded RNA templates (Lambden et al., 1992;
Attoui et al., 2000; Maan et al., 2007). RNA was isolated from the
intestinal samples using the QIAamp Viral RNA Mini Kit (Qiagen,
Hilden, Germany). Thereafter, 11 μl of RNA were mixed with 1 μl
390 R. Johne et al. / Virology 412 (2011) 384–391oligonucleotide iSP9 (5′p-GACCTCTGAGGATTCTAAAC/C9-phosphoa-
midite spacer/TCCAGTTTAGAATCC-OH3′, iSP9:), 0.5 μl BSA, 1.5 μl T4
RNA-Ligase buffer (New England Bio Labs) and 1 μl T4 RNA Ligase (10
U, New England Bio Labs). After incubation over night at 17 °C, the
RNA segments were separated by electrophoresis on an ethidium-
bromide-stained 1% agarose gel. Bands migrating at positions
corresponding to 1,2 to 1,5 kbp were excised and the dsRNA was
extracted using the QIAquick® Gel Extraction Kit (Qiagen, Hilden,
Germany). 30 μl of the puriﬁed RNA was mixed with 3 μl dimethyl-
sulfoxide, heated for 3 min at 95 °C and immediately cooled using an
ethanol bath at −20 °C. The QIAGEN LongRange 2Step RT-PCR Kit
(Qiagen, Hilden, Germany) was used for reverse transcription
according to the manufacturers´ instructions, but without adding a
primer, at 37 °C for 50 min followed by 40 °C for 10 min. The same kit
was used for PCR ampliﬁcation of the cDNAs using primer 5–15–1 (5′
GAGGGATCCAGTTTAGAATCCTCAGAGGTC3′) with the following tem-
perature proﬁle: 95 °C for 3 min, 40 cycles of 93 °C for 30 sec, 63 °C for
30 sec and 68 °C for 5 min, and a ﬁnal incubation at 68 °C for 7 min.
Ampliﬁcation products were analyzed by agarose gel electrophoresis,
cloned using the TOPO TA cloning kit for sequencing (Invitrogen, Leek,
The Netherlands) and subsequently sequenced using M13 Forward
and M13 Reverse primers (Invitrogen) in an ABI 3730 DNA Analyzer
(Applied Biosystems).RT-PCR
Speciﬁc primers were designed on the basis of the sequence of the
FLAC products. The cDNAs produced by FLAC were subjected to PCR
using the QIAGEN LongRange 2Step RT-PCR Kit (Qiagen). Primerswith
the sequence 5′TGGCAATTGGAGACACAATTAAGT3′ (group F rotavi-
rus) or 5′CATCTTAGTGTGACTGGGACTCCT3′ (group G rotavirus) were
used in combination with primer 5–15–1. PCR was performed in a
2720 Thermal Cycler (Applied Biosystems, Foster City, USA) using 5 μl
of cDNA in 50 μl reactions and 93 °C for 3 min, 35 cycles of 93 °C for
30 sec, 56 °C for 30 sec and 68 °C for 5 min, and a ﬁnal incubation at
68 °C for 7 min. The PCR products were cloned and sequenced as
described above.Sequence analysis
The sequences of the VP6-encoding genome segment were
assembled using the SeqBuilder module of the DNASTAR software
package (Lasergene, Madison, USA) and submitted to the GenBank
database with accession numbers HQ403603 and HQ403604. The VP6
amino acid sequences were deduced from the nucleotide sequences
using the same module. Sequence alignments and construction of
phylogenetic trees were performed using the MegAlign module of the
above mentioned software package. The accession numbers of avian
andmammalian rotavirus sequences used in the analyses are included
in the labelling of the phylogenetic trees. The CLUSTALWmethod was
used with the IUB (nt) or Gonnet 250 (amino acids) residue weight
tables (Thompson et al., 1994) in alignments, and bootstrap analysis
of phylogenetic trees was performedwith 1000 trials and 111 random
seeds. The three-dimensional presentation of conserved amino acid
residues was plotted by the software UCSF Chimera (Pettersen et al.,
2004) using the structure of VP6 in the group A rotavirus particle as
determined by Settembre et al. (2011).Acknowledgments
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